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Abstract
Solutions describing holographic surface defects in D = 5, N = 4 gauged supergrav-
ity theories are constructed. It is shown that a surface defect solution in pure Romans’
gauged supergravity is singular. Adding a single vector multiplet allows for the con-
struction of a non-singular solution. The on-shell action and one point functions of
operators in the presence of the defect are computed using holographic renormaliza-
tion.
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1 Introduction
Holography is a powerful tool for studying quantum field theories. Using holography, ex-
tended defect operators such as Wilson lines, surface operators, and domain walls can be
studied. In theories with holographic duals, there are two methods leading to the construc-
tion of the duals of p-dimensional defect operators in d-dimensional CFT. First, one can
consider probe branes embedded in an AdSp+1 slice of AdSd+1 and in some cases wrapping
some other manifold. When the number of probe branes is small, the backreaction can be
neglected and the probe brane provides a good description of the defect in the dual gauge
theory [1, 2]. A defect will preserve some supersymmetry if a κ-symmetry projector for the
probe exists in the AdS background [3].
The second method involves searching for supergravity solutions that are warped prod-
ucts of an AdSp+1 factor (together with other spaces such as spheres) over base spaces such
as a Riemann manifold with boundary. The solutions, which are often called Janus solutions
[4], are locally asymptotic to AdSd+1 and describe a backreacted geometry dual to a defect.
BPS solutions are obtained by imposing the vanishing of the fermionic supersymmetry trans-
formations in a bosonic background. These BPS equations are generally easier to solve than
the equations of motion. Some examples of such solutions are Janus domain wall solutions
[5, 6], Wilson lines [7] and surface operators [8] in type IIB supergravity and Janus solutions
in M-theory [9, 10]1
The solutions listed above preserve sixteen of the original thirty-two supersymmetries and
the large amount of supersymmetries allows for the construction of large families of exact
solutions. The possibility of finding holographic duals of defect operators in supergravity
backgrounds which are dual to less supersymmetric theories is an interesting question. There
are large classes of d = 4, N = 2 SCFTs and several constructions of holographic duals (see
e.g. [8, 16, 17]). These supergravity solutions are considerably more complicated than the
AdS5×S5 dual ofN = 4 SYM. Consequently, the construction of holographic duals for defects
in N = 2 SCFTs in type II or M-theory is challenging. Instead of considering the full ten or
eleven dimensional theory, it is simpler to consider a lower dimensional gauged supergravity
and construct defect solutions there. In special cases, lower dimensional supergravities are
consistent truncations and solutions can be uplifted to the full ten or eleven dimensional
theory. Even if this is not the case, the lower dimensional theories are still useful for studying
general aspects of the defect solutions and may reveal clues for how to construct defect
solutions in the full theory.
N = 4 gauged supergravities in five dimensions have sixteen supersymmetries and their
AdS5 vacua can be used to describe four dimensional N = 2 SCFTs. The pure gauged
supergravity was constructed in [18, 19], whereas the addition of matter multiplets and
general gaugings were constructed in [20, 21]. The AdS5 vacua and moduli spaces for these
theories were analyzed in [22]. Some recent papers studying solutions in these theories can
1see [11, 12, 13, 14, 15] for earlier work on holographic defect solutions.
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be found in [23, 24, 25, 26, 27].
In the present paper, we study D = 5, N = 4 gauged supergravity solutions which are
dual to surface defects in the N = 2 SCFTs. The structure of the paper is as follows: In
Section 2, we briefly review the pure D = 5, N = 4 gauged supergravity of Romans. We
consider an ansatz for the defect solution of the form AdS3 × S1 warped over an interval.
Such an ansatz can be related to a charged black hole by double analytic continuation and it
is shown that there is no global regular solution for the defect as a conical deficit or excess in
either the bulk or boundary cannot be removed. In Section 3, we review the matter coupled
theory and its gaugings, and show that completely regular solutions can be constructed for
this theory. In Section 4, we utilize these solutions to calculate holographic observables,
namely the one point functions of operators in the presence of the defect as well as the
on-shell supergravity action which is related to the free energy in the presence of the defect.
We discuss the results and some directions for future research in Section 5. In Appendix A,
we present details of the spin connection and the form of supersymmetry transformations
used in the main part of the paper. We also show that the solution in Section 4 preserves
eight of the sixteen supersymmetries. In Appendix B, we present a solution corresponding
to a line defect in the Euclidean N = 4 gauged supergravity.
2 Romans’ Gauged N = 4 Supergravity
The field content of Romans’ gauged supergravity [18, 19] is given by the N = 4 gauged
supergravity multiplet (
e rµ , ψµa, aµ, A
I
µ, B
α
µν , χa, φ
)
(2.1)
which contains the graviton e rµ , four gravitini ψµa, a U(1) gauge field aµ, an SU(2) Yang-
Mills gauge field AIµ, two antisymmetric tensor fields B
α
µν , four spin 1/2 fermions χa, and a
single scalar φ. In the above, indices a, b = 1, 2, 3, 4 are Spin(5) ∼= USp(4) indices, I, J,K =
1, 2, 3 are SU(2) adjoint indices, and α, β = 4, 5 are SO(2) ∼= U(1) indices. All fermionic
fields satisfy the symplectic Majorana condition. We review our conventions in Appendix A.
The bosonic Lagrangian is given by
e−1L = −1
4
R− 1
4
ξ−4fµνfµν − 1
4
ξ2
(
F µνIF Iµν +B
µναBαµν
)
+
1
2
∂µφ∂µφ
+
1
4
e−1εµνρστ
(
1
g1
εαβB
α
µνDρB
β
στ − F IµνF Iρσaτ
)
+ V (φ) (2.2)
where the field strengths and scalar potential take the form
fµν = ∂µaν − ∂νaµ
F Iµν = ∂µA
I
ν − ∂νAIµ + g2εIJKAJµAKν
V =
g2
8
(
g2ξ
−2 + 2
√
2g1ξ
)
ξ = exp
(√
2
3
φ
)
(2.3)
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This Lagrangian (2.2) leads to the equations of motion
Rµν − 2∂µφ∂νφ− 4
3
V (φ)gµν + ξ
−4
(
2fµρf
ρ
ν −
1
3
gµνfρσf
ρσ
)
+ ξ2
(
2F IµρF
I ρ
ν + 2B
α
µρB
α ρ
ν −
1
3
gµν
(
F IρσF
Iρσ +BαρσB
ρσα
))
= 0
−φ+ ∂V
∂φ
+
√
2
3
ξ−4fµνfµν − 1√
6
(
F IµνF
Iµν +BαµνB
µνα
)
= 0
Dν
(
ξ−4f νµ
)− 1
4
e−1εµνρστ
(
F IνρF
I
στ +B
α
νρB
α
στ
)
= 0
Dν
(
ξ2F νµI
)− 1
2
e−1εµνρστF Iνρfστ = 0
e−1εµνρστεαβDρBβστ − g1ξ2Bαµν = 0 (2.4)
where the covariant derivative acting on a vector representation is
DµV
Iα = ∇µV Iα + g1aµεαβV Iβ + g2εIJKAJµV Kα (2.5)
The supersymmetry transformation of the fermions are
δψµa = Dµεa + γµTabε
b − 1
6
√
2
(γµ
νρ − 4δνµγρ)
(
Hνρab +
1√
2
hνρab
)
εb
δχa =
1√
2
γµ∂µφεa + Aabε
b − 1
2
√
6
γµν(Hµνab −
√
2hµνab)ε
b (2.6)
where the action of the covariant derivative on a spinor is
Dµεa = ∇µεa + 1
2
g1aµ(Γ45)
b
a εb +
1
2
g2A
I
µ(ΓI45)
b
a εb (2.7)
and
Habµν = ξ(F
I
µν(ΓI)
ab +Bαµν(Γα)
ab)
habµν = ξ
−2Ωabfµν
T ab =
1
6
(
1√
2
g2ξ
−1 +
1
2
g1ξ
2
)
(Γ45)
ab
Aab =
1
2
√
3
(
1√
2
g2ξ
−1 − g1ξ2
)
(Γ45)
ab (2.8)
The matrices Γi satisfy the D = 5 Euclidean Clifford algebra
(Γi)
b
a (Γj)
c
b + (Γj)
b
a (Γi)
c
b = 2δijδ
c
a (2.9)
and the charge conjugation matrix Ωab = −Ωba can be used to raise or lower spinor indices
εa = Ωabεb εa = Ωabε
b (2.10)
4
so that ΩabΩ
bc = δca for consistency. Γ5 is chosen such that (Γ12345)
b
a = δ
b
a. As discussed
in [18], different choices of the parameters g1 and g2 correspond to different gauged super-
gravities. For the choice g2 =
√
2g1 = 2
√
2, the theory has an Anti-de Sitter vacuum with
radius of curvature LAdS = 1 and preserves sixteen supersymmetries. These values of the
couplings are used in what follows. The bosonic and fermionic supersymmetries combine
into the superalgebra SU(2, 2|2) which is also the superconformal algebra of d = 4, N = 2
SCFTs.
2.1 Half-BPS Surface Defect in Romans’ Theory
The superalgebra SU(2, 2|2) contains a superalgebra SU(1, 1|1)× SU(1, 1|1)× U(1), which
has eight odd generators and an even SO(2, 1) × SO(2, 1) × U(1)3 ∼= SO(2, 2) × U(1)3
subalgebra. Such an unbroken superalgebra corresponds to half-BPS superconformal surface
operators in N = 2, d = 4 SCFTs [28]. The even part of the subgroup can be realized
holographically by the ansatz
ds2 = f1(r)
2ds2AdS3 − f2(r)2dθ2 − f3(r)2dr2
AI = δI3A(r)dθ (2.11)
A solution of this form can be generated by performing a double Wick rotation of the BPS
black hole solution [29, 30] used in [31] to calculate Super-Renyi entropies. The solution to
the equations of motion is then given by
ds2 = r2H(r)2/3
(
cosh2 ρ dt2 − dρ2 − sinh2 ρ dϕ2)− f(r)
H(r)4/3
dθ2 − H(r)
2/3
f(r)
dr2
H = 1 +
q
r2
f = r2H2 − 1
ξ = H1/3 AI = δI3
(
µ− q√
2(r2 + q)
)
dθ (2.12)
This solution preserves eight of the original sixteen supersymmetries of the AdS5 vacuum of
Romans’ theory and is a special case of the matter coupled solution that is presented in the
following section. The number of supersymmetries and the verification of the equations of
motion follow from the more general case considered there.
The minimal value of the radial coordinate r0 is determined by the largest root of f(r)
which previously corresponded to the outer horizon of the BPS black hole. Expanding about
the origin r0 leads to
ds2 ∼ dr˜2 + (1− 4q) r˜2dθ2
r˜ = r − r0 = r − 1
2
(
1 +
√
1− 4q
)
(2.13)
The boundary metric is conformal to flat space
ds2∂ = cosh
2 ρ dt2 − dρ2 − sinh2 ρ dϕ2 − dθ2 = ds2AdS3 − dθ2 (2.14)
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which implies that there will be an angular deficit or excess in either the bulk metric or the
boundary metric unless q = 0. Regularity at the origin can be restored by coupling vector
multiplets.
3 Matter Coupled Theory
It is possible to add matter multiplets to the pure Romans’ theory. The N = 4 vector
multiplet
(Aµ, λi, φ
m) (3.1)
contains a vector field Aµ, four fermions λi, and five scalars φ
m. The indices i = 1, . . . , 4
and m = 1, . . . , 5 are USp(4) and SO(5) indices respectively. The matter couplings and
gaugings are completely determined in terms of embedding tensors ξMN and fMNP [20, 21].
The supersymmetric vacua of such theories where investigated in [22].
These embedding tensors satisfy the quadratic constraints
fR[MNf
R
PQ] = 0 ξ
Q
M fQNP = 0 (3.2)
and determine the gauging of the R-symmetry. It is convenient to introduce a composite
index M = {0,M} such that the covariant derivative acting on a vector representation is
given by
DµV
M = ∇µVM + gANµ X MNP V P
X PMN = −f PMN X N0M = −ξ NM (3.3)
The coupling of n vector multiplets is described by a coset representative V of
SO(5, n)/SO(5)× SO(n). The coset representative V decomposes as
V = (V mM ,V am ) (3.4)
where m = 1, . . . , 5 and a = 1, . . . , n are SO(5) and SO(n) indices respectively. As an
element of SO(5, n), V must satisfy
ηMN = V PM ηPQV QN = −V mM V mN + V aM V aM (3.5)
where ηMN = diag(−1,−1,−1,−1,−1,+1, . . . ,+1). The scalar kinetic terms are expressed
in terms of the matrix
MMN = V mM V mN + V aM V aM (3.6)
and the bosonic Lagrangian is given by
e−1L =1
2
R− 1
4
Σ2MMNHMµνHNµν −
1
4
Σ−4H0µνH0µν
− 3
2
Σ2 (∂µΣ)
2 +
1
16
(DµMMN)
(
DµMMN
)− g2V + e−1Ltop (3.7)
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where Ltop is a topological term. The covariant field strengths are
HMµν = ∂µAMν − ∂νAMµ + gX MNP ANµ APν + gZMNBµνN
ZMN =
1
2
ξMN (3.8)
where BµνM are two-form fields that are introduced in the process of gauging the theory.
The scalar potential is
V = V1 + V2 + V3
V1 =
1
4
fMNPfQRSΣ
−2
(
1
12
MMQMNRMPS − 1
4
MMQηNRηPS +
1
6
ηMQηNRηPS
)
V2 =
1
16
ξMNξPQΣ
4
(
MMPMNQ − ηMPηNQ)
V3 =
1
6
√
2
fMNP ξQRΣM
MNPQR (3.9)
with the completely antisymmetric matrix MMNPQR taking the form
MMNPQR = εmnopqV mM V nN V oP V pQ V qR (3.10)
The SO(5) index M of VM can be converted to a pair of antisymmetric USp(4) indices ij
through the formulas
V ijM =
1
2
V mM Γijm V Mij =
1
2
V Mm ΓklmΩkiΩlj (3.11)
with a sum over m. The matrices
ζ ij =
√
2Σ2ΩklV ikM V jlN ξMN
ζaij = Σ2V aM V ijN ξMN
ρij = −2
3
Σ−1V ikM V jlN VP klfMNP
ρaij =
√
2Σ−1ΩklV aM V ikN V jlP fMNP (3.12)
appear in the fermion shift matrices
Aij1 =
1√
6
(−ζ ij + 2ρij)
Aij2 = −
1√
6
(
ζ ij + ρij
)
Aaij2 =
1
2
(−ζaij + ρaij) (3.13)
A minus sign has been inserted into Aij2 relative to [21] to match the BPS equations of
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Romans’ supergravity in a mostly plus signature as in [20]. The BPS equations are
δψµi = Dµεi − i
6
(
ΩijΣV ikM HMνρ −
1
2
√
2
δki Σ
−2H0νρ
)(
γ νρµ − 4δνµγρ
)
εk
+
ig√
6
ΩijA
jk
1 γµεk
δχi = −i
√
3
2
(
Σ−1∂µΣ
)
γµεi − 1
2
√
3
(
ΣΩijV jkM HMµν +
1√
2
Σ−2δkiH0µν
)
γµνεk
+
√
2gΩijA
kj
2 εk
δλai = iΩ
jk
(V aM DµV Mij ) γµεk − 14ΣV aM HMµνγµνεi +√2gΩijAakj2 εk (3.14)
with the action of the covariant derivative on a spinor given by
Dµεi = ∇µεi − VMik∂µV kjM − gA0µξMNVMikV kjN + gAMµ fMNPVNikVPkj (3.15)
3.1 Half-BPS Surface Defect in the Matter Coupled Theory
The gauging corresponding to Romans’ supergravity with LAdS = 1 is given by
fMNP = − 1√
2
εMNP M,N,P ∈ {1, 2, 3}
ξMN = −1
2
(
δ4Mδ
5
N − δ4Nδ5M
)
(3.16)
We will couple one vector multiplet and choose the coset element
V = exp(φ3Y3) (3.17)
with the non-compact generator (Y3)mn = δ3mδ6n + δ3nδ6m. The scalar φ3 is a singlet
under gauge transformations generated by σ3 ∈ su(2). The theory can be truncated to
Σ, φ3, A
3
µ, A
6
µ, gµν and the Lagrangian is
e−1L = 1
2
R− 1
4
Σ2
[
1
2
e2φ3
(
F 3µν + F
6
µν
)2
+
1
2
e−2φ3
(
F 3µν − F 6µν
)2]
− 3
2
Σ−2 (∂µΣ)
2 − 1
2
(∂µφ3)
2 + 2
(
Σ−2 + Σ
(
eφ3 + e−φ3
))
(3.18)
where A6µ = Aµ is the vector from the vector multiplet. For φ3 = A
6
µ = 0, we recover
Romans’ theory with the gauge field A3µ rescaled. The STU model [29] can be embedded
into the matter coupled theory with the identifications
T =
1
Σ
e−φ3
U =
1
Σ
eφ3
Fµν = F
3
µν + F
6
µν
Gµν = F
3
µν − F 6µν (3.19)
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The equations of motion are
Rµν +
1
2
Σ2
(
e2φ3F αµ Fαν + e
−2φ3G αµ Gαν
)− 3Σ−2∂µΣ∂νΣ− ∂µφ3∂νφ3
+ gµν
(
1
12
Σ2
(
e2φ3FαβFαβ + e
−2φ3GαβGαβ
)
+
4
3
(
Σ−2 + Σ
(
eφ3 + e−φ3
)))
= 0
1√−g∂µ
(√−gΣ−2∂µΣ)+ Σ−3 (∂µΣ)2 − 1
12
Σ
(
e2φ3F µνFµν + e
−2φ3GµνGµν
)
+
2
3
(
eφ3 + e−φ3 − 2Σ−3) = 0
1√−g∂µ
(√−g∂µφ3)− 1
4
Σ2
(
e2φ3F µνFµν − e−2φ3GµνGµν
)
+ 2Σ
(
eφ3 − e−φ3) = 0
1√−g∂µ
(√−gΣ2e2φ3F µν) = 0
1√−g∂µ
(√−gΣ2e−2φ3Gµν) = 0 (3.20)
It is straightforward to verify that the equations are solved by the double Wick rotated two
charge solution of [29]
ds2 = r2(H1H2)
1/3
(− cosh2 ρ dt2 + dρ2 + sinh2 ρ dϕ2)+ f
(H1H2)2/3
dθ2 +
(H1H2)
1/3
f
dr2
H1 = 1 +
Q
r2
H2 = 1 +
q
r2
f = r2H1H2 − 1
Σ = (H1H2)
1/6 e2φ3 =
H1
H2
A3 + A6 =
(
µ3 + µ6 − Q
r2 +Q
)
dθ A3 − A6 =
(
µ3 − µ6 − q
r2 + q
)
dθ
(3.21)
where µ3 and µ6 are the chemical potentials for A
3 and A6 respectively. For Q = q and
µ6 = 0, this solution (3.21) reduces to that of the previous section (2.12) upon identifying
Anew =
√
2Aold. As before, the spacetime closes at the largest root r0 of f(r) which is now
given by
r20 =
1− q −Q
2
+
1
2
√
1 + (Q− q)2 − 2(Q+ q) (3.22)
After expanding the bulk metric about r0, the absence of an angular deficit or excess in both
the bulk metric and the boundary metric requires
(Q− q)2 = 2(Q+ q) (3.23)
It is convenient to redefine the integration constants q and Q as
Q = q1 + q2
q = q1 − q2 (3.24)
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so that regularity at the origin requires q1 = q
2
2 and the spacetime closes at r
2
0 = 1− q22. The
spacetime develops a singularity at r = 0, but this value will be excluded from the physical
range of the radial coordinate for q22 ≤ 1.
In the solution (3.21), both scalars have a non-trivial profile. The dilaton Σ is regular at
the origin, but the additional scalar φ3 contains a kink
Σ′(r0) = 0 φ′3(r0) 6= 0 (3.25)
For generic chemical potentials, the gauge fields have a non-zero holonomy around r = r0.
We show in Appendix B that the bosonic background (3.21) preserves eight of the sixteen
supersymmertries of the gauged supergravity.
4 Holographic Observables
In this section, we use holographic renormalization [32, 33] to calculate some holographic
observables, namely the free energy and vacuum expectation values of operators in the
presence of a surface defect.
4.1 Free Energy
Using the equations of motion, the on-shell action takes the form
Sbulk = −
∫
M
d5x
√−g
(
1
12
Σ2
(
e2φ3F µνFµν + e
−2φ3GµνGµν
)
+
4
3
(
Σ−2 + Σ
(
eφ3 + e−φ3
)))
The bulk action is divergent and can be renormalized by imposing a cutoff on the spacetime.
In Fefferman-Graham coordinates
ds2 =
dz2
z2
+
1
z2
gijdx
idxj (4.1)
one imposes the cutoff z = ε and adds boundary counterterms. Since the regularized space-
time contains a boundary, the Gibbons-Hawking term
SGH =
∫
∂M
d4x
√−hK = −
∫
∂M
d4xz∂z
√−h (4.2)
must be included to maintain the variational principle of the metric. In the above formula,
hµν is the induced metric on the boundary and K is the trace of the extrinsic curvature. In
the notation of [25], the bulk fields are expanded as
gij = g
(0)
ij + z
2g
(2)
ij + z
4
(
g
(4)
ij + (log z)
2 h
(0)
ij + log z h
(1)
ij
)
+ . . .
Σ = 1 + z2 (b1 log z + b2) + . . .
φ3 = z
2 (c1 log z + c2) + . . .
F = d
(
A1 + A2z
2 + A3z
2 log z + . . .
)
G = d
(
a1 + a2z
2 + a3z
2 log z + . . .
)
(4.3)
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and the equations of motion are solved order by order in z. The expansion of the Ricci tensor
is
Rzz = − 4
z2
− 1
2
Tr
[
g−1g′′
]
+
1
2z
Tr
[
g−1g′
]
+
1
4
Tr
[
g−1g′g−1g′
]
Rij = − 4
z2
gij − 1
2
g′′ij +
3
2z
g′ij +
1
2
(
g′g−1g′
)
ij
− 1
4
Tr
[
g−1g′
]
g′ij
+R[g]ij +
1
2z
Tr
[
g−1g′
]
gij (4.4)
where R[g]ij is the boundary Ricci tensor and primes denote derivatives with respect to z.
The expansion of the volume element
√−g√
−g(0)
=
[
1 +
z2
2
t(2) +
z4
2
(
t(4) − 1
2
t(2,2) +
1
4
(t(2))2 + (log z)2 u(0) + log z u(1)
)]
+ . . .
t(n) = Tr
[(
g(0)
)−1
g(n)
]
t(2,2) = Tr
[(
g(0)
)−1
g(2)
(
g(0)
)−1
g(2)
]
u(n) = Tr
[(
g(0)
)−1
h(n)
]
(4.5)
will be needed when expanding the action. The ij component of the Einstein field equation
to order O(z0) is solved by
g
(2)
ij = −
1
2
(
R[g(0)]ij − 1
6
R[g(0)]g
(0)
ij
)
(4.6)
which implies
t(2) = −1
6
R[g(0)]
t(2,2) =
1
4
(
R[g(0)]ijR[g
(0)]ij − 2
9
R[g(0)]2
)
(4.7)
The zz component of the Einstein field equation to order O(z2) is solved by
u(0) = −2
3
(
3b21 + c
2
1
)
u(1) = −4
3
(3b1b2 + c1c2)
4t(4) = t(2,2) − u(0) − 3u(1) − (3b21 + c21)− 83 (3b22 + c22)− 4 (3b1b2 + c1c2)
+
1
12
(
|F |2g(0) + |G|2g(0)
)
(4.8)
where |F |2
g(0)
= FijFklg
(0)ikg(0)jl is the norm of the boundary field strength and similarly for
|G|2
g(0)
. The leading divergence takes the form
1
ε4
∫
∂M
d4x
√
−g(0) (−1 + 4) (4.9)
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where the coefficients come from Sbulk and SGH respectively. This is cancelled by the coun-
terterm δS1 = −3
∫
∂M d
4x
√−h. The subleading divergences are
1
ε2
∫
∂M
d4x
√
−g(0)
(
−1 + 1− 3
2
)
t(2) (4.10)
where the coefficients come from Sbulk, SGH , and δS1 respectively. This can be cancelled by
the counterterm δS2 = −14
∫
∂M d
4x
√−hR[h]. The logarithmic divergences are given by
Sbulk ∼
[
1
2
((
t(2)
)2 − t(2,2))− 1
6
(
3b21 + c
2
1
)
+
1
8
(
|F |2g(0) + |f |2g(0)
)]
log ε
SGH ∼ 2
3
(
3b21 + c
2
1
)
log ε
δS1 ∼
(
3b21 + c
2
1
)
(log ε)2 + 2 (3b1b2 + c1c2) log ε
δS2 ∼ 0 · log ε (4.11)
The logarithmic divergences are cancelled by the counterterms
δS3 =
1
8
∫
d4x
√−h log ε
[(
R[h]ijR[h]ij − 1
3
R[h]2
)
− F ijFij −GijGij
]
+
∫
d4x
√−h
[
−3(Σ− 1)2 − 3
2 log ε
(Σ− 1)2 − φ23 −
1
2 log ε
φ23
]
(4.12)
Putting together the different contributions, the renormalized action
Sren = lim
ε→0
(Sbulk + SGH + δS1 + δS2 + δS3) (4.13)
evaluates to
Sren =
(
5
8
− q22
)
Vol(AdS3)Vol(S
1) (4.14)
for the surface defect where Vol(AdS3) is the regularized volume of the AdS3 factor.
4.2 Vacuum Expectation Values
Using the renormalized action (4.13), the vacuum expectation values can be computed
through differentiation
〈OΣ〉 = 1√−g(0) δSrenδb1
∣∣∣∣
b1=0
= −3b2
〈Oφ3〉 =
1√
−g(0)
δSren
δc1
∣∣∣∣
c1=0
= −c2
〈J i〉 = 1√
−g(0)
δSren
δA1i
∣∣∣∣
A1=0
=
1
2
(A3 + 2A2)
i
〈ji〉 = 1√
−g(0)
δSren
δa1i
∣∣∣∣
a1=0
=
1
2
(a3 + 2a2)
i
〈Tij〉 = − 2√−g(0) δSrenδg(0)ij = limε→0
(
1
ε2
T [h]ij
∣∣∣∣
z=ε
)
(4.15)
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where T [h]ij is the boundary stress tensor. For the surface defect solution, the asymptotic
expansion is
r =
1
z
+
(
1
4
− q
2
2
3
)
z − q
4
2
36
z3 +
108q22 + 63q
4
2 − 20q62
3888
z5 + . . . (4.16)
and the expectation values are
〈OΣ〉 = −q22
〈Oφ3〉 = −q2
〈Jθ〉 = q2(1 + q2)
〈jθ〉 = q2(1− q2)
〈Tij〉 =
(
3
8
− 2q22
)(−1
3
gAdS3 0
0 gS1
)
ij
(4.17)
so that there are no conformal anomalies: 〈T ii 〉 = 0. Note that the solution does not contain
any logarithmic divergences and the boundary stress tensor is therefore given by
T [h]ij = Kij −Khij + 3hij − 1
2
(
R[h]ij − 1
2
R[h]hij
)
+
(
3(Σ− 1)2 + φ23
)
hij (4.18)
5 Discussion
In this paper, we investigated solutions of D = 5, N = 4 gauged supergravity that are
holographic duals of half-BPS conformal surface defects in a N = 2 SCFT. The ansatz
for the solution is informed by the unbroken symmetries of such defects and is given by
AdS3 × S1 warped over an interval with non-trivial gauge potentials along S1. We showed
for pure Romans’ theory that the only solution in this class which is non-singular is the AdS5
vacuum; all non-trivial solutions suffer from a conical defect. This situation is improved by
coupling vector multiplets to N = 4 gauged supergravity. The simplest case of one additional
vector multiplet already allows for the construction of a one parameter family of regular
solutions dual to conformal surface defects preserving eight of the sixteen supersymmetries
of the vacuum.
An important question is whether solutions of lower dimensional gauged supergravities
can be uplifted to ten or eleven dimensional solutions for which the dual SCFTs are in
general known from decoupling limits of brane configurations. It has been shown that pure
Romans’ theory is a consistent truncation of type IIB [34, 35], type IIA [36] and M-theory
[37] and hence solutions of this theory can be uplifted. Much less is known about uplifts
of matter coupled D = 5, N = 4 gauged supergravity. In [38], it was argued that Romans’
theory coupled to two tensor multiplets is a consistent truncation of an orbifold of AdS5×S5.
Recently, in [39, 40] a consistent truncation of 11-dimensional supergravity on Maldacena-
Nunez geometries was constructed, leading to D=5, N=4 gauged supergravity including three
vector multiplets.
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The rigidity of supersymmetric N = 4 vacua [22] makes the existence of other consistent
truncations likely.
Since our solution has only two gauge fields and scalars turned on, it can be related to
solutions in D = 5, N = 2 gauged supergravity [29, 30]. It has been shown in [36] that these
solutions can be uplifted to ten and eleven dimensions, which means that our solution can
be uplifted too. It was argued in [38] that the truncation used in our paper fall into a class
of truncations of gauged N = 8 supergravity which can be uplifted to ten dimensions [41].
One could also consider applying the construction in our paper to general class of the gauged
supergravities of [38] which describe ZN orbifolds and investigate whether in the field theory,
the surface operators of the orbifold theory can be obtained from surface operators of N = 4
SYM [42, 43, 44]. We leave these interesting questions for future work.
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A Conventions and Supersymmetry
The frame field for the metric
ds2 = r2(H1H2)
1/3
(− cosh2 ρ dt2 + dρ2 + sinh2 ρ dϕ2)+ f
(H1H2)2/3
dθ2 +
(H1H2)
1/3
f
dr2
is chosen to be
e0 = r(H1H2)
1/6 cosh ρ dt e1 = r(H1H2)
1/6dρ e2 = r(H1H2)
1/6 sinh ρ dϕ
e3 =
f 1/2
(H1H2)1/3
dθ e4 =
(H1H2)
1/6
f 1/2
dr
(A.1)
The spin connection is then given by
ω01 = sinh ρ dt
ω04 =
f 1/2
(H1H2)1/6
d
dr
(
r(H1H2)
1/6
)
cosh ρ dt
ω12 = − cosh ρ dϕ
ω14 =
f 1/2
(H1H2)1/6
d
dr
(
r(H1H2)
1/6
)
dρ
ω24 =
f 1/2
(H1H2)1/6
d
dr
(
r(H1H2)
1/6
)
sinh ρ dϕ
ω34 =
f 1/2
(H1H2)1/6
d
dr
(
f 1/2
(H1H2)1/3
)
dθ (A.2)
All fermions satisfy the symplectic Majorana condition
ε∗a = BΩabε
b (A.3)
where B is related to the usual charge conjugation matrix C by B = γ0C. An explicit basis
for the spacetime γ matrices in the signature (−,+,+,+,+) is
γ0 = iσ1 ⊗ 1
γ1 = σ2 ⊗ 1
γ2 = σ3 ⊗ σ1
γ3 = σ3 ⊗ σ2
γ4 = σ3 ⊗ σ3
B = 1⊗ σ2 (A.4)
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A basis for the Euclidean Clifford algebra Γ is
Γ1 = σ1 ⊗ 1
Γ2 = σ3 ⊗ σ1
Γ3 = σ3 ⊗ σ3
Γ4 = σ2 ⊗ 1
Γ5 = σ3 ⊗ σ2
Ω = σ1 ⊗ σ2 (A.5)
In the chosen gauging,
ζ ij = − 1
2
√
2
Σ2Γij45
ζaij = 0
ρij =
1
2
√
2
coshφ3
Σ
Γij45
ρaij = −1
2
δa1
sinhφ3
Σ
Γij345 (A.6)
Using the explicit solution to the equations of motion, the dilatino and gaugino variations
both lead to the projection condition
(Γ45)
j
i εj =
1
r(H1H2)1/2
(
γ34Γ3 − i
√
fγ4
) j
i
εj (A.7)
Substituting this projector into the AdS3 × S1 gravitino variations gives(
∂t +
1
2
sinh ργ01 − i
2
cosh ργ034Γ3
) j
i
εj = 0(
∂ρ − i
2
γ134Γ3
) j
i
εj = 0(
∂ϕ − 1
2
cosh ργ12 − i
2
sinh ργ234Γ3
) j
i
εj = 0(
∂θ −
(
µ3 − 1
2
)
Γ345
) j
i
εj = 0 (A.8)
These equations can be integrated to
εi = exp
(
θ
(
µ3 − 1
2
)
Γ345
) j
i
exp
(
iρ
2
γ134Γ3
) k
j
× exp
(
it
2
γ034Γ3
) l
k
exp
(ϕ
2
γ12
) m
l
ε˜m(r) (A.9)
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Anti-periodicity of εi under θ → θ + 2pi requires the chemical potential to be quantized
µ3 ∈ Z. After multiplying by γ34Γ3, the projection condition can be expressed in the form(
1 + i
√
fγ3Γ3 + r
√
H1H2γ34Γ345
) j
i
εj = 0 (A.10)
Similarly multiplying by Γ45 leads to(
1− i
√
f
r
√
H1H2
γ4Γ45 +
1
r
√
H1H2
γ34Γ345
) j
i
εj = 0 (A.11)
Using these equations, the radial gravitino equation can be put into the form
∂rεi = (a+ bγ34Γ345) εi (A.12)
The solution to equations of this form [45] is
ε˜i(r) =
1
r(H1H2)1/6
(√
r
√
H1H2 + 1 + iγ4Γ45
√
r
√
H1H2 − 1
) j
i
× (1− γ34Γ345) kj (ε0)k (A.13)
for some constant symplectic Majorana spinor ε0. It can be checked explicitly that the above
Killing spinor satisfies the symplectic Marjorana condition.
B Half-BPS Line Defect Solution
A half-BPS solution describing a superconformal line defect can be constructed in the Eu-
clidean version of pure Romans’ supergravity. In the notation of [24], the supersymmetry
variations are
δψµ = Dµε− 1
12
γµWσˆ3ε+
i
12
(
γ νρµ − 4δνµγρ
)
hνρε
δχ = − i
2
√
2
(γµ∂µλ+ ∂λWσˆ3 + iγ
µν∂λhµν) ε (B.1)
with
W = 2(2X +X−2)
hµν = X
−1 (F iµν σˆ3σi +B+µν σˆ− +B−µν σˆ+)− iX2fµν
X = e−λ/
√
6 (B.2)
The superconformal line defect preserves an SO(1, 2)×SO(3) bosonic symmetery which can
be realized by the ansatz
ds2 = f1(y)
2ds2H2 + f2(y)
2dΩ22 + f3(y)
2dy2
B− = C1(y)volH2 + C2(y)volS2 (B.3)
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A similar solution containing only these fields was analyzed in [24]. Imposing the projection
condition σˆ3ε = ε, gives
δψ = Dµε− 1
2
γµε
δχ = 0 (B.4)
which are the BPS equations describing AdS5. Thus the tensor field B
− breaks half the
supersymmetries and does not backreact on the metric. C1(y) and C2(y) are determined by
the tensor field equation of motion
dB− + ∗B− = 0 (B.5)
The full solution is
f1 = cosh y
f2 = sinh y
f3 = 1
C1 =
a
sinh y
+ b
(
y
sinh y
+ cosh y
)
C2 =
a
cosh y
+ b
(
y
cosh y
− sinh y
)
(B.6)
Using the coordinates
ds2H2 =
dτ 2 + dx2
x2
dΩ22 = dθ
2 + sin2 θdφ2 (B.7)
the solution can be mapped to Euclidean Poincare´ coordinates
ds2 =
1
z2
(
dτ 2 + dz2 + dr2 + r2
(
dθ2 + sin2 θdφ2
))
(B.8)
through the coordinate transformation
z =
x
cosh y
r = x tanh y (B.9)
In this coordinate system, the tensor field takes the form
B− = C˜1dτ ∧ dr + C˜2dτ ∧ dz + C˜3 sin θdθ ∧ dφ
r−1C˜1 = z−1C˜2 =
1
(r2 + z2)3/2
[
a
z
r
+ b
(
z
r
sinh−1
(r
z
)
+
√
r2 + z2
z
)]
C˜3 = a
z√
r2 + z2
+ b
(
z√
r2 + z2
sinh−1
(r
z
)
− r
z
)
(B.10)
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and the leading behavior of the tensor field at the boundary is
B− ∼
(
br
z
+
az
r
)
dτ ∧ dr
r2
+
(
−br
z
+
az
r
)
sin θdθ ∧ dφ (B.11)
giving the source and vacuum expectation values of the dual ∆ = 3 operator. Since the
spacetime is Euclidean AdS5, the dual stress tensor vanishes
〈Tij〉 = 0 (B.12)
The solution can be uplifted to type IIB supergravity or D=11 supergravity [34, 37], but the
higher form fields become complex when Wick rotating back to Lorentzian signature.
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